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To all whom it may concern: 

Be it known that I, Nikola Tesla, a citizen of the United 
States, resicing in the eoeouel of Kanhattan, in the City, 
County, and State of New York, have discovered a new and useful 
Improvement in the Art of Transmitting ElectricalEmergy Through 
the Natural Med‘sm of which the following is a specif ication, 

reference being had to the drawings accompanying and forming a 
part of the same. 

It is kmown since a long time that electric currents may 
be propagated through the earth, and this knowledge has been 
utilized inmny ways in the transmission of signals and the 
operation of a variety of receiving devices remote from the 
source of energy, mainly with the object of dispensing with a 
return conducting-wire. Itis also known that electrical dis- 
turbances may be transmitted through portions of the earth by 
grounding only one of the poles of the source, and this fact I 
have made use of in systems which I have devised for the purpose 
of tranamitting through the natural media intelligible signals 
or power and which are now familiar; but all experirents and 
observations heretofore made have tended to confirm the opinion 
held by the majority of soientific men that the earth, owing to 
its immense extent, although possessing conducting PrOper sree s.. 
does not behave in the mann ex of a conductor of Limited dinen- | 4 
sions with respect to the disturbances produced, but on the ‘ : 
contrary, much like a vast reservoir or’ ocean, which, while: it” 
may be locally disturbed by a commotion of sone keind remains 
unresponsive and quiescen® in a large part or as a vhole. sti. 
another fact now of common knowledge is that when electrical — 
waves or oscillations are impressed upon wich a conducting-path 
as a metallic wire reflection takes place: under certain condi- 
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tions fron the ends of the Wire, and in Consequence of the inter. 


fixed Positions is Produced, In Bny case the existence or these 
Waves indicates that some Of the Outgoing Waves have reached 
the doundaries of the conducting-path and have been reflected 
from the Same. Xow I have discovereg that notwithstanding its 
vast dimensions and contrary to a)j observations heretofore 
made the terrestria) Globe may in a large part or a8 a whole 
behave toward disturbances impressed upon it in the Same manner 
®8 & Conductor Of limiteg Size, this Tact being demonstrateg 
by novel Phenomena, which I Shal) hereinafter describe. | 

In the course of certain investigations Which I carried on 


for the Purpose of Studying the effects or lightning discherges 


at times failed to respond when they Should have done so, and 
upon inquiring into the causes of this unexpected behavior I 
discovered 4+ to be due to the character Of the Clectrica) waves 
Which were Produced in the Carth by the lightning discharges 
end which had nodal regions following at definite distances the 
shifting source or the Gisturbances. From data obtained in a 
large mmber Of observations of the maxima and minima of these’ 
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theoretica) deductions leq me to the Conclusion that waves of 
this kina may be Propacated in ail directions over the globe 
and that they may be of still more widely differing lengths, 
the extrene limits beinginposea by the physical dimensions and 


Properties of the earth. Recognizing in the existence of 
these waves an unnistakable evidence that the disturbames 
created had been conducted from their Origin to the most remote 
Portions of the Globe and had ceen thence reflected, I conreiy- 
ed the idea or Producing such waves in the earth by artificial 
means with the Object of utilizing then for many useful Purposes 
Yor which they are or might te found applicable, This problen 
was rendered extremely difficyit Owing to the iomenge dimensions 
of the Planet, and consequently enormous movement of electricity 
or rate at which electrical energy had to be delivered in order 
to &pproXimate, even in & renote degree, movements or rates 
Which are manifestly attained in the displays of @lectrical 
forces in nature and which seemed at first unrealizable by any 
human agencies; but by gradual and continuous improvements of 
& generator of electrical oscillations, which I have described 
in my United States patents Nos. 645,576 and 649,621, I finally 
Succeeded in reaching electrical movements or rates of delivery 
of electrical energy not onl; “pproximatzing , but, as shown in 
many Comparative tests and meagtrensnts, actually surpassing 
those or lightning discharger, Pros nee) means of this apparatus 

I have found it __ Possible to cadigliees whenever desired phe~ 
nonena in the earth the same as (or similar to those due to such 
discharges. With the knowledge of the phenonens Atscovered ii 
me md the means at command =o _Secomplishing. these results Iv — 
am ¢nabled not only to carry out many operations by: ‘the uae or 
known instruments, but also to offer a solution for many teport- 
ant problens involving the operation or control. or renste. des. 
vices which for want of this knowledge: and the absence of these 
means have heretofore been entirely impossible. For example, 


by the use of such a generator of. 1 stationary. waves and receiving. 


apparatus Properly placed and adjusted in any other locality, 
however remote, it ig Practicable to transmit intelligiple Sige» 
nals or to control or actuate at will any one Or all of such 
&pparatus for meny other important and valuable Purposes, as 
for indicating wherever deeired the Correct time of an observa- 
tory ap sor ascertaining the relative Position of a body or 
distance or the sane with Teference to a given Point or for de- 
termining the Course of a noving Object, such as & vessel at 
Sea, the distance traversed by the same or its Speed, or for 
Producing many other usery) effects at 4 distance dependent on 
the intensity, wave length, direction or velocity or movement, 
or other feature or P=sroperty of disturbances of this character. 

I shal typically illustrate the manner of epplying my 
discovery by describing one of the Specific uses of the same - 
namely, the transmission of intellicinie Signals or messages 
between distant Points ~ ang with this Object reference is now 
made to the Accompanying - drawings » in which - 

Figure 1 represents diagrammatically the generator Which 
Produces stationary waves in the earth, and Pig. 2 an @pparatus 
Situated in a remote locality for recording the effects of 
these waves, 

In Pig, i, A designates @ primary coil forming part ofa 
transformer and consisting generaliy of a few turns of a stout 
Cable of inappreciable resistance, the ends of which are cone .. 
nected to the terminals of ® Source of powerfnl @lectrical os- 
Cillations, diagracmaticaliy ropresonted by a. This source is 


dynemo or Sultable SOnstruction Ma be UBed to Cnergize the 
| Primary A. Cis a *Pira?ly-woung ®@condary coil Within the 
Primary having the eng nearer t, the latter Connecteg Co the 
&Tound p and the Other eng to an Clevateg termina) D. The 


impressed Upon i¢ bY the Primary A. It is, Moreover Of the 
&Teatest importance in Order to 8ti1) further Cnhance the rise 


Otherwise to the Prirary A, in Which Ca8C the latter Will be 
Sonnecteg to the Plate E; but be it that none or ® Part or all 


Clevateg termin al to Ne-quarte, Of the wave 
lengt, Of the Clectrics) Cisturbancs in the Systen Ec D or 


mate, as in Ordinary *ransforme rg but loose, &0 as to Permit 
free °Scillation ~ that is to Say, their mutual induction Should. 


OW coil 
ve small. The Stiral cot Secures this Advantage, While tne 


A 
turns near the Primary 4 are subjecteg to a Strong Inductive 


&Ction and develop & high fnitial Clectronotive force, These 


COnstructirzs features indicateg rigorousl, observed, the elec. 
trical Novenent Produced in the Sc condary SY8-em by the indue- 
tive &Ction of tne Primary 4 will be enormously magnified, the 
increase being diresti, Proportionate to tae inductance and 
frequency and inversel, to the resistance or the Secondary 8Ys~ 
tem. I have found i+ “Tacticabla to produce in this manner an 
Clectrica) ovement Shousands Of times éTeater than the initiaj. 
that is, the one lopressed UPON the Secondary by the Primary 4 « 
and I have thug Tr @adhed activities or Tates of floy Of electri. 
cal energy in the System Ec p MCAasured by many tens or thous- 
ands of horsepower. Such iomense movements of @lectricity give 
Tise to a variety or Rovel and Striking Phenonena, aaong which 
&re those wea descriped. The POWePfy) Clectrica) Oscilia- 
tions in the areten. F CD being Comminicated to the ground Cause 
Corresponding Vibrations to be Propagated to distant Parts of 


hollows Of which lie in Paralie} circles relatively, to Whiok 
the éround-plate z may be considered to be the pote. Stated 
otherwise » the terrestria) Conductor ig thrown into Fesonace 
with the Oscillations iupressed Upon it just like a wire. More 
than this, a number of facts ascertained by me clearly show. 
that ths movenent of electricity through it follows. certain 
laws With nearly mathematica) rigor. For the present it will 
be Sufficient to state that the pistes behaves like & perfectly 


capacity and self induction uniformly distributed along tne axis 
of symmetry of wave propagation and transmitting slow electri- 
cal escillaticns without sensible distor¢sion and attenuation. 

Sesiave ve abowe three requirements seem to be essential 
to the estatlisnnent of tne resonatin:.: condition. 

First. The eartn's diameter passing through the pole shoul 
be an odd multiple of the quarter wave lengta - that is, of the 
ratio between the velocity of lignt - and four times the frequar 
cy of tne currents. 

Second. It is necessar; to employ oscillations in which 
the rate of radiation of energy into space in t::e form of herte 
zian or electromagnetic waves is very small. To give an idea, 

I would say that the frequency should be smaller than twenty 
thousand per second, though shorter waves might be practicable. 
The lowest frequency would appear to be six per second, in which 
Case there will be but one node, at or near the ground-plate, 
and, paradoxical as it may seen, the effect will increase with 
the distance and will be greatest in a region diametrically pp- 
posite the transmitter. With oscillations still slower tae 
earth, strictly speaking, will not resonate, but simply act as a 
capacity, and the vardation of potential will be more or less 
uniform over its entire surface. 

Third. The most essential requirenent is, howerer, that 
irrespective of frequency the wave or wave-train should con=- 
tinue for a certain interval of time, which I have estimated to 
be not less than cne-twelfth or probably 0.08484 of a second 
and which is taken in passing to and returning from the region 
diametrically opposite the pole over the earth's surface with a 
mean velocity of about four hundred and seventy-one. thousand 


two hundred end forty xilometers per second. 


The Presence of the Svationary waves may De detected in 
many ways. For instance, & circuit may be connected directl;; 
or inductively to the ground and to an elevated termina) and 
tuned to respond more effectively tc the Oscillations. Anothes 
way is to conrec: 4 tuned circuit to the ground at two points 


lying more or less ina meridian Passing throug: -+. ole Tor 


tee 


generally Stated, to any two points of a different potential, 
In Fig. 2 I have snown a device for detecting the presence 
of the waves such as I have used in a novel metnod of magnify~ 
ing feeble effects which I have described in my United States 
Patents Nos, 695,953 and 085,955. It consists of a cylinder or 
insulating material, which is moved at a uniform rate of speed 
by clockwork or other suitable motive power and is provided 
Wita two mtal rings BB, upon which bear brushes & and a’, con- 
nected, respectively, to the terminal plates P and Pt, Fron 
the rings BB extend narrow metallic segments & and s', which 
by the rotation of the eylinder are brought alternately into 
Contact with double brushes Band b', carried by and in contact 
with conductinz-holders Rand h', supported in metallic bearings 
D' D', as shown. The jatter are connected to the terminals Tf 
and T* of a condenser C', and it should be understood that they 
are capable of angular disvlacement as ordinary brush-supports, 
The object of using two brushes, as b and d', in each of the | 
holders h and h' is to vary at will the duration of tho electric 
contact of the plates Pp and P* with the terminals T and T', to 
which is conneeted a receiving-circuit including a receiver R 
and a device d, performing the duty of Closing the receiving- 
circuit at predetermined intervels of time and diScharging the 


stored energy through the receiver. In the present case this 


tly : 
Cevice consists of a cylinder made? conducting and partly of 
afm . 


insulating raterial & and e', respectively, which is rotated at 
vhe desired rate of speed by any suitable means. The conduct- 
ing part e is in Gcod electrical connection with the snaft S$ 
and is provided with tapering segnents if, upon which slides a 
brush k, supported on a conducting-rod 1, capable of lorgitudi- 
nal adjustment i- a metallic Support m. Another brush, n, is 
arranged to bear upon tke shaft S, and it will be seer that wher 
Over one of the segnents £ comes in contact wits the brush k the 
Circuit including the receiver R is completed and the condenser 
discharged through the sane. 3y an adjustment of the Speed or 
rotation of the cylinder d@ and a displacement of the brush x 
along the cylinder the circuit may be made to open and close in 
&@8 rapid succession and remain open or closed during such inter- 
Vals of time as may be desired. The plates P and P’ , tnrough 
which the electrical energy is conveysd to the brushes & and a’, 
may be at a considerable distance fron each other in the ground 
or one in the ground end the other in the air, preferably at 
some height. If put oe plate is conneated to earth and ths 
other maintained at an elevation, the location of the apparatus 
must be determined with reference to the position of the sta- 
tionary waves established by the generator, the effect evident~- 
ly being greatest in & maximum and zero in a nodal region. On 
the other hand, if bo:th Plates be connected to earth the points 
of connection mist be selected with reference to the difference 
of potential which it ts desired to secure, the strongest ef- 
fect being of course obtained when the plates are at a distance 
equal to half the wuvs length. 

In illustration of the operation of tne system let it be 
assumed that alternating electrical impulses from the generator 


are caused to produce stationary waves in the earth, as above 


aescribed, and that the receiving apparatus is properly located 
with reference to the position of the nodal and ventral regions 
of the waves. The speed of rotation of tie cvrlinder first des- 
cribed is varied until it is made to turn in syochronism with 
the alternate impulses of the generator, and the position of the 
brushes band b' is adjusted by angular displacement or other- 
wise, so that they are in contact with the segments 8 and s' 
during the periods when $he impulses are at or near the maximm 
of their intensity. These requirements being fulfilled, elec- 
trical charges of the same sign will be conveyed to each of 

the terminals of the condanser, and with each fresh impulse it 
will be charged to a higher potential. The speed of rotation 
of the cylinder a being adjustable at will, the energy of any 
number of separate impulses may thus be accumulated in potential 
form and discharged through the receiver R upon tke brush k 
coming in contact with one of the segments f. It will be under~ 
stood that the capacity of the condenser should be such as ¢o 
allow the sbi ing of a much greater amount of energy than is 
required for the ordinary operation of the receiver. Since wy 
this method a relatively great amount of Bnergy and in a auit= : 
able form may be made available for the ‘operation of a recetvar, 
: the latter need not be very sensitive; but man tue iupulses . ; 
are very weak or wien it is desired to > operate a reset vey 
ponding to very feeble influences, may ve used in the manner tne" ; 
dicated or in other ways. Under the ‘conditions described at is 
evident that. during the continuance of the ‘stationery waves the 
receiver will be acted upon vy current impulses more or less 
intense, sodording to its location with reference to the marima 


and rainima | ‘ef. ‘said waves; ‘bat: : upon: ‘interrupting or reducing - 


the flow of the current the stationary waves will disappear or 
diminih in intensity. Hence a great variety of effects may be 
produced in a receiver, accordins to the mode in which the waves 
are controlled. It is practicable, however, to shift the nodal 
and ventral regions of the waves at will from the sending-sta- 
tion, as by varying the length of the waves under observance of 
the above requirements. In this manner the regions of maximm 
and minimum effect may be mad= to coincide with any receiving 
station or stations. By impressing upon the earth two or more 
oscillations of different wave length a resultant stationary 
wave may be made to travel siowly over the globe, and thus a 
great variety of useful effects may be produced. Bvidently the 
course of a vessel may be easily determined without the use of 
@ commass, as by a circuit connected to the earth at hoe pointe, 
for the effect axerted upon the circuit will be greatest when ; 
the plates P P* are lying on a meridia passing through grounge 
plate E and will be nil when the plates are located at'a paral: ‘ 
lel cirole. If the modal and ventral regions are maintained att 
fixed positions, the speed of a vessel carrying a receiving ope: 
paratus nay be exactly computed trom observations of the maxing ° 
and minina regions successively traversed. This will be under’ 
stood when at is stated that, ‘the projections of all the nodss* 
and ieee on the earth's ‘Qtemeter passing through the pote or 
axis of symmetry of the. vave-noverieat, are all equal. ” enon: + 
in any region at. the: ‘surface the ware‘ iength can be shoertetas 
from simple rules of geometry. "Conver sey, inowing the wage 
length, the distance fron the squrea. can ys. readily onloulateds . 
In: ‘Like: ways the dist arice of one point from another, ‘the latie i 
‘tide and ‘longitude, the hour, ote, may ve determined from the’ 


observation of such stationary. ‘waves. ss suverst such genera- 


tors of stationary waves - preferably of different lengths - 
were installed in judiciously selected localities, the entire 
globe could be sut-divided in definite zones of electric active 
ity and such and otner important data could be at once obtained 
ty simple calculation or readings from suitably graduated in- 
struments. 

The specific vlan of producing the stationary weves, here- 
in described, might be departed from. For exampie, the circuit 
which impresses the powerful oscillations upon the earth might 
be connected to the latter at two pointa. 

’ In collecting the energy of these disturbances in any ter- 
restrial region at a distance from their source, for any purpose 
and, more especially, in appreciable amounts, the most econoni- 
cal results will be generally secured by the employment of ny 
synchronized receiving transformer. This invention, forming 
part of my system of tranamission of energy through the natural 
media, has been fully explained in the patents first cited here, 
but for the better understanding of the present description it | | 
is diagrammatically illustrated in Fig. 3. Its most essenctat | 
part is a circuit EB) C) D, which 1s connected, arrange+ and aa’ 
juste¢ similarly to the transmitting circuit BC D and which ie. 
inductively linked with « b eeoondary circuit Ay. The — * ag ae: 


1 ae 


of ia. ich as will ve peat: ‘suited for. ‘the operation qat 


i aed am he = 
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device designated by ra The receiving.t tranaformer ia. Jolusentg 


>. 


: attuned to ‘the oscillations of. the: tranmaitting ‘ctreut 80 tnaty; 


*:, 
eo oe noe is 


Arrespectite of the Length of ‘the ‘condustor gy. C:. By the posnti 2 


of maxima potential cotneide ‘with thaleievated ‘terminal >? : 


“of 


under which conditions the ‘greatest qnount “of wave energy may 
be collected and rendered available in the secondary circuit A, 


ages 


a ee 


for useful purposes, 

To complete this description, it may be stated that when 
it is desired to operate, independently, a great many receiving 
devices, by such stationary waves of different lengths, the 
principles which I have set forth in ny British patent 14,579 
(1901) and in my United States patents Nos. 725,188 and 725,605 
(1903) may be resorted to for Fender ing the signals or quanti- 
ties of energy intended for ee A NNT or receivers 
non-interfering and non-interferable. 

In the above I have briefly outlined my discovery and in« 
dicated only a few uses of the same, but it will be readily 
seem, that it is of transcending importance for the advancement 
of many arts and incustries, new and old, and capable of in- 


numerable valuable applications. 


Rat I Clain as TY ifovention is: 

Lie -he art oerein describeg 2 zor treosritting elect— 
Frical Enerzy to a Sistance Consisting ip establishice 
Statiousry Clectrisal Vaves in tie Cartk by imrressins there- 
0 electrical Sfelllations of definite frequene;s, 

2. the art hereio descriteg icr ‘racenitting elect. 
Tical Caersy to a Cistance COcsistine ip es tatlishics elect. 
rical OScillations acd impressing said SfCillations Gpoa the 
Carth eng rroduoins therein Stationary Clectrig waves, | 

Se The art herein déscribed sy transmitting and utilis. 
loz Clectriaa) enerzr COnsistics ty establishine Stationary 
Clectricg) Waves in the farth, ond operat inoe thereby one or 
more receivircs devices remote fron the source of Cnergy, 

4. The art herein C@scribed fsy transrittiog. acd utilis. 
ing flectrios)] energy ccusisting Lo esteblishin> Stationary 
Cleotrioa) Waves in the Carth, ana Operating thereby ore or 
more Feceivins devices rerote from the Sotrce cf enerzy ang — 
Properly located with Tespect to the Position of csaigq waves. es 

5. The art herein described for tTarenittiag and seals 
log Cleotrioa? energy Consistins in establishing stationary” 
electrical Waves is the Carth. ang varyinoz the *eagth. of suoh 2 
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7." ‘Tae art bucoia toscr thea for or Hransnitting ‘steot= 
. a ‘ nas re ies 8,7 Lam RK et 
Fical energy consisting. io Froduoting” “ataticaars's sleetefoal 2 See 
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Oscillations of defisite lengths. impressiog ‘eta ‘Bacitiationa. 


2s eae SoM ae ae Pi ez) Se cere. Ee vate eg lates — a 
upon the ‘natura, Conduating: nedian end Gausiog thereby a* 
resultant wave. or affect to travel Alowiy-c ‘over: ‘sata medium, : 
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Se The art herein described for transrittinzs elect— 
rical ecergy which consists ino establishing stationary elect~ 
Tical wives of different leogths varying the lensths cf suid 
waves 2od causics thereby a resultant reve or atfect to 
travel with tre desired velocity throughcut the catural neotume 

9. The srt herein describe? for transrittiozg sad ntilice 
tog electrical erergs consistiog in establishins staticrary 
Clectrical waves, impreseing said waves upos the satursal co n- 
ducting mediu=, veryisz the ictenosity sf said waves and pro= 
ducing thereby perceptible s*fects in distant receivers, | 

10. The art of prodtucins affects at a distance consist- 
ice ia estatlishiag stationary electrical Waves, impressing 
Said waves upon the terrestrial globe, varying the character 1a—, 
tios aud relations of ssid waves aod causing thereby affects 
in distant receivers, 

ll. The ort hereis described for treasmitting and utilize 
ing electrical esergy consisting in establishing stationary 
electrical raves, impressing the affect of said Waves upoo 
the natural redium, posit<conisg receiving apparatus at 
different places through said red ium ecd deterrinine from 
the affects or icdications of said receiving spparatus the 


condition of said medium. 


12. The art herein described for tronanittiog. 


: electrical energy consisting in establishing electrical - 
“waves of definite length. snd duration and impressiog ania 
. waves. upoo the natural medium and ‘thereby, throwing, asia. 


natural medium into resonances: = 


phires ss 
ja 


4 Be The ‘art. hereto, described, “for: orgatiog: great 
a ogee. tes Ce tiaaees 5 ek 
electrical moverents, io the: naturel ‘medium, which soasista, ine 
YR TERE ES 
establishing electrical waves: of, definite, length. end duration 


ie i 


and impressing said weves: “upon aaté natural: ‘Wedium until - 


the same becomes resonsat.. 


albe 


14, in a system for the transnission of electrical 
energy, tranamittics apnaratus comprising s rrimary ex- 
citioz circuit ecergized by a zeneratcr of sliternsating 
currerts aod & resonant secondary circuit of high sel?- 
icduction and small resistacce loosely linked with the 
primary and adapted for throwing the terrestrial zlobe 


dato resocsnce, ss set forth. 


15. In the system for the transmission of electrical 
energy, 8 source of primary electrical oszillations suob 
as a condenser dirouit and a seoondsr: cirenit inductively 
Linked with the sans and adapted for throwinz the terres- 


trial globe into resonance, as specified. 
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